Posttransplant lymphoproliferative disorders (PTLDs) may occur as a complication of immunosuppression in patients who have received solid organ or bone marrow allografts. Most PTLDs are of B-cell lineage, whereas T-cell proliferations are rare. The majority of B-cell lesions are associated with Epstein-Barr virus infection. The occurrence of both B-cell and T-cell
CASE REPORT
The patient was a 63-year-old African American male who had received a heart transplant for idiopathic dilated cardiomyopathy in the year 1992. He was seronegative for EBV; the EBV status of the donor is not known. He was on maintenance immunosuppression of cyclosporine (125 mg 2 times a day), mycophenolate mophetil (750 mg 3 times a day), and prednisone (5 mg every other day). In September 2002, he presented with recurrent fevers and progressive lymphadenopathy in axillary, pretracheal, subcarinal, iliac, and inguinal regions. EBV seroconversion was demonstrated and biopsy of an inguinal lymph node showed polymorphic EBV-associated Bcell PTLD. Valganciclovir was added to his regimen to treat the EBV infection and cyclosporine and mycophenolate mophetil were decreased to 50 mg b.i.d. and 250 mg t.i.d., respectively. Follow-up computed tomography (CT) scan in August 2003 showed complete regression of lymphadenopathy in all affected regions.
In August 2004, he was diagnosed with adenocarcinoma of the prostate, Gleason score 3+3 = 6, and he received external beam radiation therapy (7600 cGy). In April 2005, he developed orbital fullness and compression of the right eye. CT scan showed a 2-cm enhancing right orbital mass that was not biopsied. It was assumed to be a recurrence of the B-cell PTLD and he was treated initially with rituximab. However, the mass progressed causing severe pain, diplopia, and proptosis of his right eye. He received local radiation therapy to the orbit consisting of 2400 cGy in 12 fractions. He responded well with significant improvement in eye function. Follow-up CT and positron emission tomography scans showed some residual infiltration of the orbital fat and an additional 1620 cGy were administered.
In December 2005, the patient developed a progressively enlarging mass in the right nasolabial area. The biopsy showed EBV-associated T-cell PTLD without evidence of residual B-cell PTLD. Radiation therapy was started, but was abandoned after 2000 cGy owing to extension of the tumor into maxillary sinus and inferior aspect of the orbit. CT scan in January 2006 showed progression of disease with involvement of pleura, liver, and retroperitoneal lymph nodes. He subsequently received 8 cycles of chemotherapy: cyclophosphamide, mitoxantrone, vincristine, and prednisone (CNOP) and cyclophosphamide, bleomycin, and cisplatin (CBP) protocols; however, the disease progressed and in August 2006 he was found to have multiple bone lesions involving the cervical spine, humerus, and ribs and also a brain mass in the temporal lobe. He was placed on ifosfamide, carboplatin, and etoposide (ICE) chemotherapy, but his clinical condition deteriorated with renal insufficiency, anemia, and progressive debilitation. After the first cycle, he had a seizure. Radiation therapy of the brain mass was initiated; however, he continued to have recurrent seizures and died in September 2006.
MATERIALS AND METHODS

Histologic Examination
Hematoxylin and eosin-stained sections from inguinal lymph node (September 2002) and facial mass (December 2005) were reviewed.
Immunophenotypic Analysis
Immunohistochemical stains were performed on formalin-fixed, paraffin-embedded tissue sections, using heat-induced epitope retrieval, an avidin-biotin-peroxi-dase complex method, and an automated immunostainer (Ventana Benchmark, Tucson, AZ). 4 Positive and negative control samples were run for each antibody. Antibodies to the following markers were used: CD3, CD4, CD5, CD7, CD20, CD45, CD56, CD79a, bcl-6, and prostate specific antigen (Ventana, Tucson, AZ); CD8 (Novocastra, Newcastle upon Tyne, England); CD30 (DAKO, Carpinteria, CA); CD15 (Becton Dickinson, San Jose, CA); granzyme B (Vector, Burlingame, CA); TIA-1 (Immunotech, Maravilla, France); cytokeratin (Enzo Biochem, New York, NY); and PAX-5 (Becton Dickinson, San Jose, CA). In addition, flow cytometric immunophenotypic analysis was performed on the inguinal lymph node tissue using a Beckman Coulter EPIC-C flow cytometry instrument (Coulter Electronics, Hialeah, FL) as described previously. 8 The panel included antibodies to CD3, CD4, CD5, CD8, CD10, CD19, CD20, CD71, FMC-7, human leukocyte antigen-DR, and k and l light chains.
In Situ Hybridization
EBV was analyzed on formalin-fixed, paraffinembedded tissue sections by in situ hybridization for EBV-encoded RNAs using the Epstein-Barr Early RNA Probe Reagent-EBER 1-2 (Ventana INFORM EBER, Tucson, AZ) according to the manufacturer's recommendations. Appropriate positive and negative controls were run.
Assessment of Clonality
DNA was extracted from formalin-fixed, paraffinembedded tissue slides of the inguinal lymph node and facial mass and analyzed for immunoglobulin (Ig) heavy chain (IgH) and T-cell receptor g chain (TCR-g) gene rearrangements by polymerase chain reaction (PCR). For IgH, PCR was performed using consensus primers to framework regions II and III and the IgH gene joining region (FRII-IgH and FRIII-IgH). 19 For TCR-g, 2 or 3 separate reactions were performed, with primers Vg101, Vg11, and Jg12 (set 1); primers Vg101, Vg11, and Jp12 (set 2); or primers Vg9 and Jg 12 (set 3). 15 The products were analyzed by acrylamide gel electrophoresis. Assays were performed in duplicate to confirm the presence of a clonal population. CEM and MOLT-4 cell lines were used as positive controls.
RESULTS
The inguinal lymph node biopsied in the year 2002 showed diffuse effacement of the lymph node architecture by a polymorphous infiltrate of variably sized lymphocytes. The large cells displayed pleomorphic nuclei with prominent basophilic nucleoli and abundant amphophilic cytoplasm. Some cells had an immunoblastic appearance. Mitoses and apoptotic debris were numerous. Intermediate and smaller-sized lymphocytes displayed vesicular chromatin, conspicuous nucleoli, and irregular nuclear outlines. Numerous plasma cells were also present ( Fig. 1A) . Immunohistochemical studies showed the large atypical cells to be positive for CD20 ( Fig. 1B ) that also stained numerous immunoblasts and plasmacytoid lymphocytes. CD79a stained the plasma cells. Lesser numbers of CD3/CD5 + T cells consisting of an appropriate ratio of CD4 and CD8 subsets were present in the background. In situ hybridization for EBV was positive in the large atypical cells (Fig. 1C ). The analysis of IgH and TCR-g gene rearrangements showed polyclonal rearrangement patterns. Flow cytometric evaluation showed an absence of surface light chain expression on the B cells. The overall findings were consistent with EBV-associated PTLD with features of polymorphic B-cell lymphoma.
The right nasolabial mass biopsied in the year 2005 showed an atypical lymphoid infiltrate invading skeletal muscle and adipose tissue. It was composed of pleomorphic lymphoid cells with scattered large atypical cells, some of which had Hodgkinlike features ( Fig. 2A) . Immunohistochemically, the infiltrate was composed of numerous atypical T cells positive for CD3, CD5, and CD7. No B cells were identified with CD20, PAX-5, and CD79a. The Hodgkinlike cells were weakly positive for CD30 and negative for CD15, PAX-5, and CD79a. Some of the pleomorphic cells contained cytoplasmic positivity for CD3 ( Fig. 2B ). In situ hybridization for EBV was positive in numerous cells (Fig. 2C ). PCR for TCR-g gene rearrangement generated a band of appropriate size in both replicates using primer set 1, consistent with a clonal rearrangement ( Fig. 3 ). PCR for IgH gene rearrangement was suboptimal, with no reaction products generated, consistent with no B cells identified immunohistochemically. These results were consistent with EBV-associated monomorphic PTLD with features of peripheral T lymphoma, unspecified.
DISCUSSION
This report describes a case of a heart transplant recipient who developed metachronous EBV-associated B cell and then T-cell PTLDs. Only 6 other bilineal PTLD cases have been published. 2, 6, 7, 9, 16, 25 Their clinical, morphologic, immunophenotypic, and molecular characteristics are summarized in Table 1 . As detailed in Table 1 , the histologic appearance of these cases comprised a wide spectrum with both polymorphic and monomorphic B-cell lesions. Among T-cell neoplasms, cutaneous T-cell lymphoma, PTLD with Hodgkinlike features, and PTLD resembling hepa-tosplenic T-cell lymphoma were reported. EBV positivity was found in all 6 patients. Gene rearrangement studies for immunoglobulin and/or T-cell receptor were carried out in all the cases, but not in all specimens. All tested lesions contained evidence of a clonal population.
The risk of developing PTLD is related to multiple factors including the degree and type of immunosuppression, the type of allograft, and the EBV status of the recipient before transplantation. 1,10,12 EBV IgG-negative allograft recipients have a 70-fold increased risk of developing PTLD after transplantation from an EBV+ donor compared with EBV seropositive recipients. Seroconversion after transplantation has been reported in multiple studies as one of the most important risk factors for the development of PTLD. 1, 12, 14 The patient reported here was EBV naive before transplant and thus, was at a very high risk for the development of PTLD. EBV infection was detected at the time of initial PTLD diagnosis. The case described by Yin et al 25 is similar. A 10-year-old girl developed primary EBV infection after allogeneic kidney transplantation and subsequently was diagnosed with a nodal B-cell PTLD. Approximately 12 months after successful treatment, recurrent lymphadenopathy contained a B-cell PTLD. In addition, liver and bone marrow specimens at this time showed an EBVassociated T-cell PTLD. Our case, however, showed no evidence of the residual B-cell clone, which may, in part, be owing to the recent treatment with rituximab. As the orbital mass was not biopsied, one can only speculate on the possibility of a biphenotypic (1 clone containing dual lineage markers) or bilineal (2 distinct clones) PTLD.
The initial PTLD in the present case was diagnosed as a polymorphic EBV+ B-cell PTLD by morphologic and immunophenotypic findings. However, IgH gene rearrangement studies showed a polyclonal pattern. Indeed, an overall false negative rate of up to 20% can be observed by PCR IgH studies. 19 Interestingly, flow cytometric studies showed most of the B cells lacked surface light chains. This is an abnormal finding and often associated with diffuse large B-cell lymphoma. 11, 13 Two and a half years later when the patient developed an orbital mass, it was apparently assumed to be a recurrence of the B-cell PTLD and was not biopsied. He was empirically treated with rituxamab. The mass did not respond, but subsequent local radiation therapy was successful. However, a few months later, a right facial mass developed, which was biopsied. Perhaps in part owing to the patient's recent treatment with rituximab, determining the cell lineage of the facial mass required numerous immunohistochemical and molecular studies to rule out a possible B-cell origin. Rituximab causes downregulation of surface CD20 and cell death by apoptosis. 20 Even months after treatment, CD20 may not be present on repopulating B cells. However, in the facial mass lesion, the pan-B-cell marker CD79a and the B-cell transcription factor, PAX-5, were negative. Furthermore, molecular studies for IgH failed to show the presence of cells undergoing rearrangement of the B-cell receptor gene. Some of the atypical cells showed cytoplasmic positivity for CD3. Although this has been described in some EBV+ B-cell lymphomas, 17 as EBV infection may result in down-regulation of the B-cell program, with subsequent loss of B-cell markers 18 ; a T-cell PTLD is favored on the basis of the immunohistochemical findings and the presence of a clonal rearrangement of the TCR-g gene.
It is speculated that EBV infects a subset of T cells that express the viral receptor CD21. 21 It has been suggested that infection of T cells occurs in cases of high level of uncontrolled viral replication. 25 In the 6 reported cases, all tested T-cell lesions, except 1, were EBV+, which suggests profound immunosuppression with high viral replication and can offer a possible explanation for the occurrence of 2 PTLDs in the same patient.
In 4 of the 6 cases, B-cell and T-cell lesions occurred in distinct anatomic sites. However, in 2 patients, clonal rearrangements of both IgH and TCR-g genes were identified within the same lesion. 6, 9 Several mechanisms have been proposed for the occurrence of such bigenotypic lymphoid malignancies. More often, these occur in precursor lymphoid malignancies. One of the proposed theories is persistence of the recombinase enzyme. Recombinases are responsible for IgH and TCR gene rearrangements, and they may remain active until some functional stop signal is given. 24 If the stop signal is not wInterval between initial diagnosis of PTLD and outcome. AVT indicates antiviral therapy; BM, bone marrow; C, clonal; CHEM, chemotherapy; DBI, donor blood infusion; DID, decrease of immunosuppressive drugs; DOD, died of disease; F, female; IgH, immunoglobulin heavy chain gene; IP, immunophenotype; LN, lymph node; M, male; NA, not available; ND, not done; NED, no evidence of disease; NP, no polymerase chain reaction products; P, polyclonal; PB, peripheral blood; PTLD, posttransplant lymphoproliferative disorder; RAD, radiation; TCR, T-cell receptor gene. generated appropriately, bigenotypic clones can be created. 5, 23 Five of these 6 cases contained simultaneous B-cell and T-cell PTLDs 2, 6, 7, 9, 16 ; the other case, like ours, developed a B-cell PTLD followed by T-cell PTLD with no evidence of the original clone. 25 By definition, the usual unilineage PTLDs comprise a heterogeneous category, so the discovery of an additional lineage, albeit an extremely rare occurrence, further underscores the importance of ancillary testing for classification. Although no clear relationships can be gleaned from these few cases regarding clinical outcome, the emergence of a subsequent lesion of a different (or additional) lineage may impact management decisions. Morphology, comprehensive immunophenotyping, and in situ hybridization for EBV are the mainstay of diagnosis in PTLD lesions. IgH and TCR-g gene rearrangement studies are also very useful to confirm clonality. Such ancillary studies are critical for the correct classification of these complex lesions, especially with the advent of monoclonal antibody therapy that may cause diagnostic challenges in subsequent biopsies. Unanswered questions include-Should patients who were EBV naive before transplant be more closely monitored and then treated more aggressively at the first sign of an EBV-associated PTLD? Do these patients portend a worse prognosis than their latently EBV-infected counterparts who also develop PTLD? Are these patients at higher risk for PTLDs of more than 1 lineage? If clinically possible, biopsy of a new mass should be considered in patients with a history of PTLD to investigate the possibility of a distinct clonal process.
